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By Allan J. Clare 


INTRODUCTION 


This paper, describing the milling practice of the Homestaxe Mining 
4 1s one of a series being prepared by the Bureau of Mines. 


The author acknowledges the assistance of I. G, Chapman, one of the 


“oneulting engineers of the Bureau of Mines, in arranging this -paper for 
Publication, | 


HISTORY 


rihed 7 operations of the Homestake Mining Co. have been frequently des- 
to Nera *s history of more than 50 years. «& paper such as this, which aims 
Tefere ® the milling practice of to-day, must necessarily begin with 

nee to the numerous papers that have preceded it. 


Hosted Fag Geology of the deposit has recently been discussed by Wright,% 
* 4. B. Yates,5 Connolly,® and Paige.” | 
l The Br 
ia of Mines will welcome revrinting of this paper, provided the 
owing footnote acknowledgment is used: “Reprinted from U. S. Bureau 


; ico Information Circular 6408." 
@ see engineers, U. S. Bureau of Mines; metallurgist, 


t, L. B 
the t--i.v'7 [he Relation of the Tertiary Thyolites to Mineralization in 
: Tene stalce Mine: Black Hills Eng., vol. 14, No. 3, May, 1926, 


outh Dees? Geology of the Homestake Ore Bodies and the Lead Area of 
ota: Eng. and Min, Jour.—Press, vol. 115, Nos. 18 and.19, May 


5S and 
5 Yates, gp 1923, PD. 783-799, 836-843. 
Dakota) -» The Occurrence of Quartz in the Homestake Mine (Lead, South 


§ Connotiy. aes Hille Engineer, vol. 14, No. 3, May, 1926, pp. 167-171. 
South Dakot, 2 The Tertiary Minerflization of the Northern Black Hills: 
&® Sch. Mines Bull. 15, September, 1927, 


? Paige 
» Sidney The | 
, G : e 8 9@ e 8, 
Pp, 205-237" 1923. OY of the Homestake Mine: Econ. Geol., vol. 1 
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: Mining methods of recent years have been described by Waylead and 
Ross. ne | ~ 


Milling has been described in an exhaustive paper by Clark and 
Sharwood,9 to which the reader is referred for many details that will not be 
repeated in this report. Later papers- by Clark!® and Robial!l are also noted 
here. 


Up to 1921 the milling plant comprised six stamp mills, all very 
similar in type and heres 1,060 stauips. 


Three of these mills were ieeatea in Lead, on the southern end of the 
property. Their ore supply, unoxidized in character, was derived, in the mai: 
from lower levels of the mine. ‘The stamp mills were supplemented by a "re- 
eyinding plant" of six tube mills. Tailings were classified into sand and 
slime, the former being treated in the No. 1 sand plant at Lead, and the | 
latter passing through 34 miles of pipe ‘ime to the slime plant at Deadwood. 


The three other stamp mills,::totaling 260 stamos, served the norther: 
end of the property. They. received the major portion of the ore drawn from 
the open cut and from the upper levels of the mine. In general, the ore was 
more or less oxidized and was softer than that drawn from ‘the lower levels. 
The tailinge product from these mills was classified, the sand being treated 
at No. 2 sand plant and the slime conveyed through pipe-lines to the slime 
plant. A single plant served for treatment of all the slime produced, and 2: 
jocated at the confluence of ehe. NEtEDemees of Whitewood ‘and’ Deadwood. Creeks. 


The stamps of these mille ‘welewad from $00 to l, 000 pounds cach. 
Amalgamation was developed to the extent that as much as 48 linear feet of 
amalgam plates was laid below the Dercertes in addition to the "chuck Plates’ 
in the mortars. : 


About 1920 moving ground made it necessary to abandon several. of the 
ola mills. The: South- mill, which was built to replace these, embodies 
material departures from the oreae methods practiced; it has teen in opera- 
tion since 1922, 


8 -Ross, A. J. M., and Wayland, R. G., Mining Methods at the Hones take : Arm. 
Inst. Min. and Met. Engrs., vol. 72, 1°25, pp. 424-445, - 
9 Clark, A. J, and Grarwecd, W. J., Metallucey of sae Homesteice Ores: 
 Bwll. 98, Inst, Min. and Met., Nov., 1912. 
10 “Clark, A. Das Notes on Homestake Metallurgy: Trans. An. Inst. Min. and 
+ Met, Eng., vol. 52, 1915, pp. 3-22. | we 
sae tee. £. H., Milling Practice at the Hamestake Gold ae Eng. and Min. 
‘-Jour., Oct. 9, 1926, pp. 564-568. , 
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At about the same time mining methods were modified, resulting 
particularly in the mining of large tonnages of:.ore from the caved and 
abandoned workings in the upper levels of the mine; this resulted in radical 
changes in the ore mixture. This "draw-hole" ore conetituted as much as half 
of the total tonnage treated for several years after 1922. The then existing 
cyanide plants were none too well adapted for treating this ore, and the 
tonnage was insufficient to warrant other than limited expenditures for new 
plant construction. For several years the treatment of this ore had been 
attended by frequent adjustments and irregular resulte, a condition that is 
now passing but to which reference will be made in the course of this paper. 


At present, three stamp mills are operated. 


The South mill, constructed in 1922, has 120 stamps, each of 1,570 
pounds falling weight, and has a capacity of 1,900 to 2,200 tons of ore per 
day. 

The Amicus mill, originally constructed in 1878 and remodeled in 1924, 
contains 240 stamps of 1,100 pounds weight and has a capacity ranging from 
1,200 to 1,400 tons of ore per day. —_ 


The Pocahontas mill, built in 1878, has 160 stamps of 950 pounds 
weight and ranges in capacity between 600 and 700 tons of ore per day. 


Water is obtained from Spearfish Creek and from various water rights 
in smaller creeks of the vicinity. This water contains 10 to 15 grains of 
calcium and magnesium bicarbonates per gallon, amounts that have considerable 
bearing on metallurgical methods, since the reaction of the dissolved bi- 
carbonates in the mill water with lime has prevented the use of an alkaline 
milling circuit, from which favorable results might have been anticipated. 


Power is generated at the company's two hydroelectric developments on 
Spearfish Creek, which furnish about 35,000,000 «w.h. per annum. A central 
steam plant at Lead, fired with coal from the company's Wyoming mine, supplies 


the balance of the power requirements. 
ORE TREATED 


Reference to the paper of Ross and Wayland, already cited, furnishes | 
the following description of the ore: 


tte orebodies are found in a bed of altered dolomitic limestone 
occurring in a series of rocks believed to be of Archean age, belonging 
to the Keewatin series. The Keewatin series is made up essentially of 
quartz, mica schists, garnet schists, quartaites and slates. Ore is 
found generally in the altered dolomite, rarely in green schists. Where 
ore bearing, the altered limestone bed consists of cummingtonite and | 
chlorite, with pyrite, arseno-pyrite and pyrrhotite. 
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"The ore is hard and tough.....Ore from stopes breaks in large 
pieces, requiring much block-holing before loading.....Water has but | 
little effect on clean ore, but makes a sticky mess of the draw-hole 
rock on account of the consistency of some of tne waste." 


W. J. Sharwoodl¢ gives the following typical analysis of Homestaxe 2 


ore: 
: Per cent = 
Oe. sicalg Slant rao ec eee atae's - 54.0 
B10, cevcessererecees SBT 
Feo 0g and FeO . eee e eee 17.7 
: FeS and eer pateass ee ee 
NEO! ods Sates ae etude: Ye Med 
COO: bs tie sane huerene-a ieee 2 2.0 
Nag0 . a a a 0 
OO ree fee wig Gee digo 
E50 (under 1300 C. oy cor eer 
HoO (over 120° C.) | : 
ane ar ee ee ae | 7.8 


The Eye ee be the ore: is about aes 00 per : Behe Draw-hole. rock, 
from the crushed zone of the old workings, is much lower than average grade 
on account of dilution with waste. On the other hand, more eelective mining 
from the stopes is giving e higher ByEraES Etege from this class of ore,' as 
compared with earlier days. | 


About 75 per cent of the gold content can ievemmteaintea in 
laboratory tests. The usual‘reocovery of gold by plant: amalgamation runs from 
60 to 65 per cent. Some of the gold is fairly coarse, ue the eroenee part 
is finely disseminated epbeuer the, ore, 


From the metallurgical siandacints the most ‘anverestiag fact is the 
occurrence of a considerable quantity of 4ron in the ferrous state. This’ 
ferrous iron enters into the composition of msst of the gungue minerals. The 
cummingtonite, the chlorite, and the dolomitic lirsstone -ach contain as much 
as 30 per cent of ferrous oxide. In cyanide treat.cnt siow withdrawal of 
oxygen from solutions, owing to the presence of these minerals, has deter—_ 
mined the methods followed at Homestake plants. 


12 Sharwood, W. J., Analyses of Rocks from PORES TE: Mine: con. Geol., 
vol. 6, No. 8, Dec., 1911. 
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PRESENT METWODS OF MILLING 


_ dn this paper, the description of present milling methods for several . 
of the older units is omitted, and the description is thereby confined to the 


following more representative plants: © | Sy | . 
The South stamp mill, etected in 1922, treats 60 per cent of the 
_ total tonnage milled. © ie on 


Cyanide-sand plant No. 1, erected in 1901, treats 80 per cent of. 
the sand fraction of the mill tailings. os 


The slime plant, erected in 1906, treats the total slime product 
of the mill tailings. 


an) 


Breaicing and Coarse Crushing 


There are three underground crushing stations, located below the 800-. 
foot, 1400-foot and <200-foot levels. Ore from the levels above the 
Tespective stations is trammed to a line of transfer raises, through which it 
is dropped upon grizzlies ahead of the crushers. 


The grizzlies are made of 12 bars of 33-inch material 6 feet long. and 
spaced for 6-inch openings. The oversize of the grizzlies, amounting to 
“pproximately 70 per cent of the total product, is fed to the crushers by 
Allis-Chalmers apron feeders which are driven by belt from the motor operating 
the crusher, Traylor Bull Dog jaw-type crushers are used; these have 36 by 
48 inch feeg Openings and'are set to crush to 35-inch size. The crushers are 
driven by 125-hp. motors and have a capacity of 250 tons per hour. The 
crusher discharge product and the grizzly under-size product pass to ore- 
— Pockets and thence by hoist to the crusking plant at Ellison shaft 

ne, | ost 


At this plent the ore is dumocd from sitipe onto a deflecting platform, 
whence it is fed to a erizzly having 3-inch openings. This grizzly is made of 
cast-iron bars set into cast-iron supports on I-beamp. The grizzly bars are— 
6 inches deep, 13 inches thick et the top, and 1 ingh thick at the bottom. | 

© Oversize of the erizzly is fed by two Stephens-Adamson aoron feeders to 
four wo, 6 B Allis-Chalmers éyratory crushers. set at 3 inches. ‘The discharge 
of these Crushers falls upon a S6-inch belt equipped with a magnetic pulley 

Passes to a trommel with 3-inch openings. The tromnel undersize product — 

th 1s 2 a shuttle conveyor, where it is joined by the oversize product of 

8 tromne} after the latter has passed through two No. 6 B Allis-Chalmers 
a S set at 25 inches, The shuttle conveyor distributes the ore in the - 
Caney Storage bin, whence it is drawn into cars of 4 tons capacity and 
he mills, Gyratory crushers are used. The first set of crushers 
iven by eo-hp. motors and the second set by 35-hp. motors. 
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In addition to the underground crushing stations and the surface 
Plant at the main shaft another crusiing station is located at the B and M 
hoist which crushes all ore from this sheft. The ore is broken to pass le- 
inch openings in grizzlies before being hoisted. The ore from the skips goes 
to a bin in the headframe and thence to two No. 8 Allis-Chelmers gyratory 
crushers set at 43 inches and driven by 70-hp. motors. . The crushed product 
of these gyratories is fed to four No. 6 gyratory crushers set at 13 inches 
and driven by 35-hp. motors. The crushed product is conveyed to tramway bins. 
There are no screens, grizzlies, or trommels in this plant. | 


South Stamp Mill 
Stamps 


Ore from the coarse crushers is delivered to the mill bin, of 7,200 
tons capacity, in cars of 4-ton capacity, trains of 30 cars being hauled by 
compressed-air locomstives. The bin discharges ore through suspended 
Challenge-type feeders to the stamps. 


Figure 1 gives the flow sheet of the South mill coarse-grinding 
department, 


the retention of stamps in the flow sheev was Cetermined primarily by 

the hardness of the roc!; and its tendency to break into large pieces. Crush- 

ers require very frequent adjustment, and even with this frequent adjustment 

_ _the'average crusher product is much too coarse for bal]-mill feed. There are 
-. no. available cost data to indicate that rolis would be more economical. 


The stamp, however, is now used merely as a secondary crushing 
machine, preparing the ore for the rod mills which serve as primary grinders. 
The cost. sheet, it is believed, justifies retention of these stamps. 


The. etamps, 120 in number, are arranged bacx to back on either side of 
_ the bin and parallel thereto. They are grouped in the conventional manner-- 
five stainps to @ mortar and two batteries set close together with a center 
post common to both, The cam shafts, however, carry but five cams, and each 
shaft is separately driven by a 25-hp. back-geared induction motor, operating 
at 600 r.'p. m. 


Mortar blocks are of concrete, one block serving 10 stamps. The fall- 
ing weight of the newly assembled stamp is about 1,570 pounds. Table 1 gives 
' the distribution of the weight of a stamp and the details of other battery 
parts, 
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Figure |- South mill flow sheet, coarse grinding, 1927 
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Table 1.- Details of South mill batter arts 


Stamp : 
bart Size | Materia 
DIC: specter 97 inch diameter by 8 inches White cast iron. 
Shoe ..0.. gi ‘inch diameter by 12 inches101 days Manganese steel. 
Jose head. 9+ tnch diameter by 31 inches Chrome steel. 
Stems... 44-inch diamter by 14 feet Mild steel--0, 03 
1, 6 inches . per cent carbon. 
Tappet ... {93 inch diameter by 17 inches '|Chrome steel. 
(3 key) 
Cam... : 323 inch horns, 135 inch hub, Do. 
. 5§ inch fage: . — 
Can shaft... 6h. inch. diameter by 8 feet.” Iron. 
.| 10,inches . ae a 
| aa Cast iron, 


Mortar... 


Kortar 
linerg-— 
Pocket, . 


454 f 3-3/ 8 by 103 ‘by’ 4 inches _ Manganese steel 


he 


+: 8-1/8 by: 104 by 1 inches Do. | 


Steel wire. 


the gt A system of tipples and sumps is provided inthe circuit that transports 
bility 1 Product to the dewatering cones. These were designed to secure fiexi- 
of two fe the mill and to permit the delivery of. pulp fron a battery to any one 
Years DP le of the cones, and were particularjy valuable’ in the earlier 

© plant. With standardization of practice’ continuous. operation of © 


ie es 
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Battery screens are frequently interchatiged,* and in this manner stamp 
duty is held to 15 tons per day or raised to 18 or more tons per day. The ~ 
following table gives details of mill screens... 


Mili Bize of 


. designation _ os eee -i aperture, inch . 
No. 19 ee Lud] ow-Saylor, No. 19, Rei Tang | 0,395 by 0.53 
2kmesh 25 mesh, No, 12 wire!" = - B95 

5/8 mesh ee = mesh, No. 8 wire a sh oh mae Jf. +888 

life mesh’ oH 7/8 mesh, No.' 8 wire 9 °° a: cae ene, 0713 


- _7/8 mesh “_-___| 1 megh, No, 8 wire Se 88 


. 
by . vty " i . 7 «. ie eae eee = iv {, rae 


Primary eeiadine 


“The rod-mill section consists of" eight: units, ‘each unit Snpriadar one 
7 by 7 foot dewatering tone, one 5 by 10 foot allis-Chalmers rod mill direct- 
driven at the rate of 20.3 r. Pe m. with a single reduction through herring- - 
bone gears by’ & 100-hp. motor, and one ‘4 fost ‘3 rich ‘by’ ‘82 foot 6 inch Dorr 
classifier operating in closed circuit with the rod mill;' and, in addition to 
the machines noted, certain amalgamating equipment. thee 

Approximately 30 per cent of the solids in the stamp discharge product 
overflows the dewatering cones. This fraction is sufficiently fine for. oe 
cyanidation and by-passes -the rod mills. ,-A portion of this. overflow, ‘however, 
ig diverted to the discharge end of the rod mill and added to the rod-mill 
discharge to secure proper dilution of pulp in the classifier. No ill effeets 
have been noted from this practice; and as it conserves water and, what-is ©! 
more important, thickening: eaeeeny “At-is 'to"be: preferred: to thé addition of 
new Wares at this Pose : 


: The discharge of the dewatering cones passes to the rod mills. ~The . 
rod-mill ends are lined with Allis-Chalmers alloy steel, and the etylindrical -- 
shell is provided with wave-type hard-iron liners of local manufacture.. .Dis~ 
charge-end ‘liners last about 2 years, feed-end liners gbout 4 years, and shell 
liners about 7 months. Rods are purchased fram. Colorado Fuel & Iron Co. and 
from the Illinois Steel Co. They are.3; inches in diameter by 10 feet long, | 
eontain 0.85 to 1.00 per cent of carbon, and are hot-rolled and machine- 
straightened. The initial rod load wis about 23, 500 pounds. The capacity of 
rod mills and rod consumption vary with the hardness and - size of ore feed and 
also, of course, with the degree of fineness. of grinding - desired. | A range in 
rod-mill capacity of 190 to 260 tons per day has been noted.during the history 
of the plant. 
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Figure 2: South mill flow sheet, fine grinding,1927 
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Dorr classifiers are set at 2% inches to 1 foot gradient, and the 
rakes operate at 34 strokes per minute. The classifier overflow goes to a 


screened sump into which the ovérflow from the dewatering cones also dis- 
charges, iand the combined products pass thence to a set of amalgam plates. 


Fine Grinding 


Figure 2 gives the flow sheet of the South mill fine-grinding 
department . | | | . : | ef 


Below the amalgam plates the pulp enters a second series of dewater- 
ing cones, of which the spigot discharge passes to a Dorr classifier which 
iischarges the sand product to tube mills. In the tube mills the coarser 
articles are further reduced in ‘size, and after passage of the reground 
raterial over amalgam plates the separation of sand from slime, preparatory 
to cyanidatjon, finishes the operations within the mill. : 


There are three 5 by 14 foot allis~Chalmers tube mills and one 6 by 6 
foot Hardinge tube mill, Following the tube mills are two Dorr classifiers, - 
one Classifier serving two tube mills. The arrangement is such that these 
tills can be operated separately or in tandem, as desired. French pebbles, 
bout 2 inches in diameter, are the grinding media, Mill linings are of 
Xodrich Linerite rubber, white iron, or Belgian silex. the first rubber 
liner installed ig still in operation after 4 years of service. It is ex- 
tected that rubber liners will become standard as renewals are made. 


/ 


Amalgamation 


Amalgamation, as practiced at the South mill, ts planned to recover 

tae coarser particles of free gold. Although some of the finer free gold 
tarticles are also recovered and although some plate surface is provided as an 
ald in securing the finer gold, no concern is felt if particles finer than 


100-mesh size escape amalgamation. 
gold are removed from the pulp a 


by cyanidation and in a 
somewhat 


" When these larger particles of 
ather coarser average size of sand can be treated 
briefer treatment period. Also, the gold so recovered is won at a 
. lower cost. | 


= Procedure ig ag follows: A measured ouantity of quicksilver is fed — 

ato the rod mills at 30-minute intervals. These mills discharge into shallow 

tes of about 18 inches square section, and the pulp is diluted in these 

Crs by the addition of a portion of the cone overflow that by-passed et 

axis oe diluting stream enters the side of the sump at right einen ee 

Vida g? the rog mill, thus setting up an eddying action in the sump an cee 

a md 8ectOr wherein the flow is retaraed; and conditions are 668 & 
favor the settling out of the larger particles of amalgam. The sumps 


Te cle 
aned Out 
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From the sump. the pulp overflows to a launcer through which it 
travels to the classifiers Uson the bottom of this launder rests a silvered 
copper plate, l2 inches wide by 7 feet long. analgam builds up rapidly on | 
this plate, which is heavily coated in about 4 hours, when it is replaced 
with a freshly cleaned and dressed strip. 


The classifier overflow passes to the main series of amalgam plates. 
There are lz sets of these, each 9 feet wide and 4 feet long. They are built 
up of copper plates le feet long and 43 feet wide by 1/8 inch thick, plated 
with 3 ounces of silver per square foot. The plates are mounted on wooden 
tables, which are supvorted by jacks so that the grade may be adjisted ag de- 
‘sired. Normally, the slope amounts to 1 inch per foot. The 24-foot length 
is broken by a short drop from the upper 12 feet of plate to the iower half. 
No trap is provided at the foot of the amalgam tables, but the pulp flows froz 
the tables to a deep sump which serves 4s ‘a peveP and which is cleaned out at 
long intervals. 


In addition to the amalgam plates éescribed a. single 9 by 24 foot 
amalgam plate is placed below the tuve mills in the fine- er ynerne section to 
‘ recover gold released by regrinding. : 


Pidtes are dressed and cleaned once a day. Amalgam is softened by the 
addition of quicksilver and swept from the plate with house brooms. In clean- 
ing uv, quicksilver is added to the amalgam, Which is then ground in Wedgewoca 
mortars and squeezed in a power machine of home manufacture. Sximmings are 
ground in a small iron barrel and then cleaned in the usual way. ‘The richer 
pyritic product from grinding is used as a blast- furnace flux in refining 
Operations, 


Quicksilver is distilled from the amalgam in gas-fired retorts; the 
crude bullion, amounting to approximately 45 per cent, by weight, of the 
amalgam, is then melted in graphite pots, in coke-fired wind furnaces. 


Table 2 gives gold assavs, pulp consistencies, and screen sizes of 
South mill intermediate and final products. _ oe 


Table 3 summarizes costs of amalgamating, and Table 4 gives unit 
costs of amalgamating. tS cele oa | 
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Table 3. - Cost of araleamation 
Amalgam from i Net Gore, Net RECCVEEY recovery]. , Lotal 
ounces ae cost. 


Rod-mill circuit 
and plates ...] 92,876.90] $1,592, 231. 55 
Main plates .i,.. 12,706. 67 230, 875.82 


Tube-mill plates| 3,667.07] _24, 363.14 


TOEG): 4 cricerc tars .«- 107,250. 64! $1 , 847,570. 52 


Per Fine ounce. Spar aotiar 7 fer ton of, | 
of pold | recovered. .. |_| ore ‘milled _ 
Rod-mill circuit and plates. | $0.04¢7 _ £0.00195 -$0,00443. 
Main plates ...c..... ee. wee | > 43874 01866 . 00613 
Tube-mill plates ...........% «2405 .01149-. _ 00040 
ALT ABOUTCES: ie net aus dstebe es bs 0779 .00417 . 01096 
Cost of retorting, melting, | - 
and shipping (up to delivery a -_ 
to express company) in adai- a | ! 
tion to above, .......4.0.. is re | '. , 00657. 
ies gece 5.7982 - | 8.08877. | 8 02849 
Quicksilver lost ..0.....,06. | .0296 troy ounce |.0278: tro: ounce 


‘Oyanidation an ne : 


Before beginning | a y descrivtion of: ‘the methods employed in. eyartidation 
it may be advisable’:to emphasize the supplying of. oxygen, the underly Ane. feature 
of this a upon Which all other steps depend. 


The: ‘ supplying. of pxyeen by forcing compressed ee through, the drained 
charge is rendered necessary’ by the Md bias of the many ferrous, Somounss al- 
ready menvitoded: a is ae eae Sor. k a sie Dos 

Labotatory. tests ‘of, selected samples of dré have shown a : boneanaelen of 
oxygen per ton ‘of ore. équivalent. to: that ‘containdd .in 13% cubic: ‘feet of free ail 
the highest: consumption Was shown ‘by. the nearly barren ‘cunmingtonite, but the 
property of consuming. oxygen is. shared by almost ‘all “the. ore minerals. 


me necessity” for aetation demands that ine elaseification be thorough. 
A sand charge must be evenly. permeable - ‘throughout: without sof t or slimy pockets 
Aeration must’ precede the application of the cyanide solution; ‘to render harm- 
less the compounds that would ‘otherwise: destroy éyanide.: oe of the 
cyanide before aeration doubles: the sides of cyanide. | 


fo: og. Re Fg 1 
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With these preliminary notes the description of the procedure at No. 1 
sand plant, the larger and older of the’ two sand plants, which has been in - 
operation since 1901, will be given. 


No. 1 Sand Plant 


Separation of the sand from the slime, the first step in the process, 
is partly accomplished in the stamp mills, where the mill tailings go to a 
tattery of gravity cones 10 feet in. diameter with a 50° slope. 


The overflows of these cones pass to thickeners and the discharge 
products to a second. battery of cones. The discharge products of the second- 
ay cones are further treated in hydraulic cones where water, admitted through 
ai annular opening immediately above the discharge bushing, assists in washing 
the sand free from the last particles of slime. | a 

Numbers, dimensions, and other pertinent data of the cones contributing 
‘o the No. 1 sand plant are given in the following table. “ 


| tee. wil Diameter 
Description Receives Location um-|Diameter,|Slope, [of bushing, 
={=36 ON cer =f- derrees ncnes 
s[ 10 |= 50 
g 10 50 


"0. 1 gravity cones|amicus mill |amicus mill 1-1/2 


: Do. . {South mill {South mill | aca 1 to 1-1/8 
*. 2 gravity cones 10 74 50 21/32 
dydraulic cones ... |Discharge of Cyanide sand 20 | 70 25/32 


The overflows from these several batteries of cones are clarified and 
- slime is thickened in several groups of thickeners of various sizes and 
Pee Some of these date from 1901, others are as recent as 1926. Simple 
a y tanks, with hopper bottoms; Dorr thickeners, both single and tray types, 
ae ameters from 18 feet to 54 feet, are included. The most satisfactory 
bik are single 54-foot-diameter Dorr thickeners, with the discharges through 
"68, similar to the cone bushings, readily adjustable. 


Sand discharging from the hydraulic cones passes in tile-lined | 

to the distributors, of which there are three, each serving a row of 
vats by means of a carriage moving along an overhead tracx, Distri- 
are of the Butters-Mein type and present no unusual features, 


“eunder 
fachi 
butorg © 


of paly the sand vats, 19 in number, are of redwood, bound with round hoops, 

inches anized mild steel. They are 44 feet inside diameter and 10 feet 5 

Inches Prt from top of staves to top of filter canvas. « charge of sand 118 
"°P Contains 670 tons. pera es : 

6563 | 
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Filter bottoms consist of cocoanut matting, resting on a slatted 
wooden frame of pine etrips,:2 by':4 inches, notched, on the underside. . Upon 
the matting is a’ sheet of: 10-ounce canvas duck, which is secured by. caliing 
around the outside edge with a one-inch rope. Matting lasts 10. years. or more, 
finally becoring so choxed with lime that it must be replaced: canvas wears 
18 months. : 


- at the level of ‘the filter cloth are four side gates for sluicing out 
résidues. These are hinced and fastened ‘by swing bolts and supolemented by a 
circular center-discharge gate, which operates by a threaded rod and h&nd- wheel 
through a column projecting above the level of the staves. Tne top of this 
column. ‘suppor ts the distributor. . ee 


o. oy 


Ongoing. weak and. strong. solutions and water are ceuveyea: in sineutince 
giach. run above and between the Lines ‘of vats. '‘Valves-dpposite.each vat 

permit communication by a manifold to distributing pipes, which deliver solu- 
tions ‘to four points .on the. ,charge. . 


a . 
Pee le 
. * eclhie 


Below the filtér are valved openings "coud aeons with the: pipe 
systems which convey the several pregnant solutions to their several sumps. 
Effluent solutions are divided SS LOLIOWS! + ence). o Bhedetn mhecdunise, 4 


“Ll "Strong!" is. solution which is brought to maximum strength. . 
a ae * Ane cyanide put from iwaich-the.valuesare not precipitated 
before pumping tO. storage. tanks used for: ongoing. poteet Oney 


2. “Weald is souation ‘from which the value: are: pigredipitatea 
‘but which is not strengthened in ‘cyariide. ‘after precipi- 
tation it ‘Ls pumped ; to ae tanss Pe aati ongoing : 
‘solutions.’ 7 °° a se 


3. “Low'! 4s solution that is wasted, after precipitation of the 
; gold and. silver, to preserve ‘the balance: “of ‘solutions. 

4. Waste, which is littte more - that | displaced » water, ‘is run 
eee direct +6 the ‘sewer, an ot } _— 

The method of ‘treatment ae to bass - Giiesaplution, inouen: two. “charges 

of sand before precipitation, this’ concentrating the dissolved gold and silver 
in a smaller ‘amount. of solution, This is accomplished by using barren or new- 
ly. precipitated solution. in the latter: stages: of tréatment:of one charge, then 
strengthening this effluent and using’ it again; without Suey eons ‘precipitation, 

in the early treatment stages: of a subsequent ehaee . 


. Aeration. of the. gand charge. nae péconeiienea by hatreds ies air ‘belew 
the ‘filter. bottom ata pressure ‘slightly above ‘that: of the: column of sand 
through which.it must pass. Air is compressed in an Ingersoll-Sergeant steam 
compressor, converted to electric drive, and delivering 625 cubic feet of free 
air per minute, at 8 pounds pressure. This air is delivered to the vats 
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through @ pipe which enters below the filter bottom. a gage installed on the 
operating floor permits the attendant. to control the operation. Por success- 
ful aeration the charge must be free from slime poc«ets, as previously stated: 


it mst be thoroughly drained, and the air pressure must. be carefully con- 
trolled. 


Lime is crushed in a l-stamp battery through a.7-mesh screen and fed 
to the pulp entering the distributor. an extremely low alkalinity is desired, 
but it is sought to maintain this evenly throughout treatment. It has been 
found that particles of lime passing this screen will just about last out the 
treatment period before being completely dissolved. Protective alkalinity of 
not more than 0.1 pound of CaO per ton is sufficient. & high alxalinity re- 
tards and even. inhibits complete extraction. ae eS : | 


| The treatment cycle consists of three panidae: each of which, in turn, 
is divided into three parts, covering draining, aerating, and beech: The 
thira period is followed by washing and discharging. 


” Discharging of tailings is accomplished by siuletng: A ton of sand 
can be discharged with about $ tan of water, but when time is available about 
twice ‘this ‘amount may be used, the water pressure in the latter case being but 
approximately 10 pourids.. . - 


The accompanying chart (fig. 3) shows all spcuattous seeertas into 
pes UG & eraph of the effluent solutions. | 


; Kise eand snarcer 118° inches’ déep, will ledch at a. _rate of 14 to 
t inches per hour, as measured by the fall in level of the supernatant solu- 
lon, | oan a charge, will. have a screen analysis about as pOnnewe: 


Throvgh 50 on | Se: 
Through 80 " 100........ a ae 


Through 100 " 150 .....-.e06 |. = 
18. 


Through 150 " 200 .......... 
Troup h: 200 ois si qergaie 


Secause of the denseness of newly mined, unoxidized ore and the more 
Structure of the oxidizéd material and also because the tailings are of 
seal Shes tenor in gold it is difficult to:make a definite statement as to the 
Sulphide Size to which ore should ‘be: reduced. It may be stated that the 

Mineral » » Yield their values at all sizes more readily than do the gangue 

of the eir * that the coarser fractions of oxidized ore yield a: larger proportion 
t is p “Ontent than do the unoxidized particles of the-same size; and that 
al yseg °Sably justifiable in practice to grind rather: finer than grading 
Would seem to warrant. 


= Oug 
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Slime Plant 


In its essentials slime treatment follows the same procedure as sand 
treatment, in that oxygen is supplied to the charge, solutions are recirculated 
before precipitation and protective alxalinity is carried at an extremely low 
point. 


Ireatment is accomplished in Merrill filter presses of 90 frames, each 
frame measuring 6 feet by 4 feet by 4 inches at pressures of 25 to 30 pounds 
per square inch. There are 21 presses, each of which treats 24 tons of slime 
at a charge. 


These presses are of the flush-plate and distance-frame pattern. 
Channels are internal, and sluicing is automatic, being accomplished by means 
of a 3-inch water pipe extending through a 6~inch passage which opens into 
each frame at the bottom center. 


Where the pipe is midway between the two canvas-covered plates - in 
other words, at the bottom center of the 4-inch slime cake - a bushing, bored 
to 5/32-inch diameter, is tapped into the sluicing bar. Water at 70 pounds 
pressure is admitted to the sluicing bar, which is mechanically rotated back- 
ward and forward through an arc of about 2009 until the slime is discharged 
through outlets which are provided at intervals in the bottom of the channel 
through which the sluicing bar passes. 


Reference is made to the earlier paper by Clark and Sharwood, which 
has already been cited, for an exhaustive description of the construction and 
operation of these presses, 


A double cloth covers the plates and serves as a filter medium. A 
light muslin twill is in contact with the corrugated surface of the plate, and 
above this is a No. 10 cotton ducx, weighing about 1.6 ounces avoirdupois per 
square foot. This arrangement is preferred to a single cloth, as favcring 
circulation of solution and reducing the number of leaks due to imperfections 
of weave. As the cloth grows older leaks become more frequent, so that the 
slime escaping treatment from this cause, together with the cost of repairing 
ana replacing torn cloths, offsets the cost of a new set. Hence, the varying 
cost of cloth determines the length of service. Iwo years is about an average 
life. . 


At the slime plant the treatment cycle is but approximately nine hours. 
Lime, added to control alkalinity, must be available within this time, and it 
must also counteract a greater initial acidity than is encountered in smd 
treatment. accordingly, the lire is slaked in a small tank, mixed with water, 
and fed to the sludge containing about 35 per cent of solids entering the re- 
ceiving tmxs at the plant. The nature of the water supply, already mentioned, 
prevents what would otherwise be the logical step, namely, the addition of 
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Clarified, 
precipi tated cipitated with 
with zinc dust | zinc dust,and added, 


and run to seve pumped to weak/ purped to] to sewer 
to sewer _ 


Dur : Ae : 
ak) erating, lesching,and washing, air and solutions pess to alternate plates, thence through cloths and across siime cakes 


Figure es 
Cubic Cenct le of slime treatment in Merrill press, Homestake mine, 1911. Alkalinity is expressed as the numoer o! 
0, rie of N/10 acid required to neutralize 100 c. c. of the solution tested, one unit corresponding to 
t of Cad 
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lime at the intaxe of the transportation pipes 3 miles away. The reaction be- 
tween the bicarbonate water and lime also operates to precipitate lime carbon- 
ate on press cloths and necessitates treating these with 0.7 per.cent hydro- 
chloric acid solution at intervals of about three weeks. 


Permeability of the charge determines the length of treatment, as ex- 
traction depends more on the passage of a definite amount. of solution than it 
does on the strength of that solution in cyanide. The working strength is 
dictated by the lowest effluent strength that can be carried-with assurance 
that precipitation will be satisfactory. 


Analyses of -working solutions disclose nothing of interest other than 
the presence of considerable amounts of thiocyanates. at the sand plants the 
Solutions will run from 0.10 to 0.20 per cent. «ss theese are stable compounds 
‘hey Tepresent a definite loss of cyanide, but even with concentrations of 
“ouble the strength noted above they have no adverse effect on extraction. 


Sulphides are rarely present. When they do occur it is but for a few 
ta7s at a time and never in large amounts, They are never noted except in 
line-plant solutions resulting from treatment of "draw-hole" ore, 


- The slime presses were designed to treat the: rather free-leaching 

ea from freshly mined ore which carried at least the average amount of 
“Mnlngtoni te, When fresh the needlelike crystals of this mineral keep the 
a tather Open -and loosely packed; when decomposed it contributes the most 
bie ta Clay with which the plant has to deal. Some such material, from 
ovtac bole" territory, settles and leaches at but 7 per cent the rate of 
“0xidigeg slime. 


} 

nan eeeatly. With "draw-hole" material, 4 inches was an excessive thick- 

dischar lean Washing, satisfactory aeration, indeed, even proper aahtane and 

Over eee Of presses were at times almost impossible to accomplish, ‘More- 

diffic die rence by organic matter of various origina added to the 

Charts as Of treating ore of this class. On this account, two ee : 

Y the Hon, presented. The first, Figure 4, shows slime treatment as practice 
&staike company in 1911 and the second, Figure 5, deals. with treat- 


tent 
"§ Practiced in 1930. 


‘Teatine : With the sand-treatment chart, theee present all the details of 
a together with a eraph of the effluent solutions. 


Precipitation and Refining 
Stale tPA tation of gold and silver in all cyanide plants of the Home- | 


is by: zinc dust, using the Merrill-Crowe process. 
2563 
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Sand-plant solutions need no clarification before precipitation treat- 
ment; slime-plant solutions are clar.fied, althoush during most of 1929 the 
"low! solution at that plant was precipitated witnout clarification, with re- 
sultant high consumption of ginc. 


Standard equipment consiste of Merrill precipitation presses, Home— 
stake zinc feeders, Aldrich pumps for solution, and Gardner-Rix vacuum pumps. 


At the sand plant there are two presses of 32 plates each, plates be- 
ing triangular and 52 inches in size. The plates are covered with a double 
layer of cotton cloth, the variety used being known as "No, 1.30 Sateen". At 
@ cleanup the layer in contact with precipitate is removed and burned, the ash 
being added to the precipitate, The back layer is moved forward, a new cloth 
being placed in contact with the frames. -Washing of cloths and reuse for a 
second 2~cleanup period have been resorted to at times but are not warranted 
at the currert prices of cotton goois. Paper has not been satisfactory as a 
substitute for cloth. ~~ | 


Solution, drawn from tanks through the vacuum equipment, flows to the 
suction of a 7 by 72 inch Aldrich triplex pump, driven through gears by a 2- 
speed, General Electric motor, Type I, 440-volt, 10 hp., 900 r. p. m. at high 
speed. «inc dust, to which a small auantity of "Celite" is added, is fed con- 
tinuously at this point. <A drip of strong lead nitrate solution is also fed. 
The zinc dust is added from a Homestake feeder of the belt type, driven 
through a train of gears by an electric motor, Belt travel of the feeder is 
at rate of JO inches per hour, Pumping is at high speed until the maximum 
pressure of 35 pounds is reached; thereafter it is at low speed. 


At the sand plant, "weak" and "low' solutions are pumped alternately 
through the same presses, the latter being turned to waste after precipitation 
of the gold and silver. This system maxes for economy in zinc and is looked © 
upon as the ideal method, but it is not practicable to follow the procedure at 
the slime plant, where much larger tonnages of solutions are precipitated, 
necessitating continuous pumping in each of the two precipitation systems. 


Barren solutions are tested hourly by the ‘Dowsett method, and zinc 
feed is adjusted as indicated. The Dowsett method is a aolorimetric method, 
and the presence of as little as 0.02 dwt. of gold per ton of solution is very 
plainly shown. Control samples, of both pregnant and barren solutions are 
assayed daily. | 


Precipitate is removed from presses once a month, except at No. 1 
sand plant, where byweekly cleanups are made. In cleaning up, the press is 
blown for two hours, with air at 10 pounds pressure. The press is then dumped, 
the cloths scraped and both precipitate and cloths boxed and moved to -the 
refinery at Lead. 
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Acid-treatment equipment is available and is sometimes used when much 
zinc or sediment is present. This, however, is not often the case. 


Precipitate is partly dried, then mixed with a flux consisting of 
litharge, borax, and coke, and briquetted in an air-actuated press at a 
Pressure of about 3,000 pounds. The bricks are 5 inches in diameter by 4 
inches high and weigh approximately 7 pounds. 


These are dried, then charged upon a bath of lead to an oil-fired fur- 
nace, in which the operations of fusion and cupellation are performed. The 
furnace is of the type imown as an English cupelling furnace, with a test 4 
feet 1 inch by 3 feet 6 inches and about 7 inches deep. The test frame is of 
cast iron, and is filled with a mixture of 75 per. cent cement and 25 per cent 
crushed limestone ranging between 10-mesh and 30-mesh in size. Small water 
Jackets protect the sides of this test, which is used for but a single run. 


The procedure is to charge briquets until the test is full, then to 
draw off slag, with some matte and lead accompanying it, into slag pots; re- 
peating the operation until all the briquets have been charged and fused. 
Such lead as has been drawn off with slag is made ready to return to the test. 
Ablast of air, at low pressure, is blown across the surface of the lead bath, 
and litharge is drawn off continuously from the front until at the end of the 
Process a doré bar of about 960 fineness in gold and silver remains in the 
test. This is withdrawn and melted in a graphite pot to bars of suitable size. 


Slags, mattes, sweepings, test bottoms, and all the miscellaneous 
accumulations of refinery and mills are emelted monthly with lead in a small 
blast furnace. Some of the lead eso recovered is added to the cupelling 
furnace before briguets are charged, as fusion of the briquets is speeded up 
by thus charging them on a bath of molten metal. The remaining lead is added 
from time to time during cupellation. | 


- Recovery 


The total recovery of gold is somewhat over 93 per cent, rarely reach- 
ing 94 per cent. The recovery and loss of gold are distributed about as 
follows: eS 


rer cent 

Recovery by amalgamation ...........-. gated ws 62.8 
Recovery by cyanide treatment of sand ..... 20.6 
Recovery by cyanide treatment of slime .... 9.6 

POtCAL TOCOVETY soi tie geene wees ean ; | 93.0 
Loss in sand tailings .........cee ese veee ; 4.6 
Loss in slime tailings ............cecsveee 1.8 
Loss in slime wasted ........ccceerescceees .6 

Total loss ...... ee ere ere a ere ee 7.0 

Total accounted for 2... ..ccereencccvves 100.0 
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fable 5 gives metallurgical data of the South mill, cyanide sand plant 
No. 1, and the slime wlant, for the year 13ce 


Table 5. - Metallurgical data 


| Stamps - . 

Stamp duty, Porecas os Serr ree ee eee tT ee ee ee Terme | Cr 
Ore etamped per man-hour, tons .....cceecscceiheeenececoes 26.1 

My hours, per ton etanied atiuus twacasun ssuernienacons ibe) “Be 69e 
Average life of shoes, days tal -ereae Gace des So dy aie wa ese ae ee eee: LOL 

average lifé of Giles, GAYS wees ceet arene cescees teutwateeen “Ge 

Iron consumption of-shoes, pounds per ton ...... braccetsave ace ee ~157 

Iron consumption.of. dies, pounds per ton ....ccecseceeees ° . 166 

fron consumpLton, Eee and dies, pounds per ton ......... ode 

pod mills ; fe be ack of , 

Duty per mill, tons cer. 24 HOUFS weseeee saan Gee ieee eee ees 199 - 
Ore ground. per ee OAU: Wika reatuane meee een eemneenae es 25.8 
.kw.-h. per ton ground ..,....0.eceeee, Scaiins See a eeeees wee = 8 805 
hod coneumption, eocaaes Er. CON aces cacec ore re voee -~ 1.30% - 4 
-Shell-liner consumotion, pounds per ton ......eseeeseseeee 246 
-End-liner consumption, pounds PEF CON ce eeeveereeeeeeeeees -O16.. 

Total liner rege? pounds per tor .......... i ee ees 0 564 


No, | cyanide sand plant ° 


Lime per ton of sand treated, (pounds 4<ti.siisassiewssaneses 2.74 
Aero cyanide per ton, pounds 49 per cent NaCn . eiedeee,. i aeo0Go 
eine. per LON). POUNCE: i246 dee ceed oe ede wee weer enees -» 0303 
Gold precipitated per pound of zinc, dollars ee ee » 64.94 
Solutions per ton of sand treated, tons - | | - 
DUMONS /SOVEC TOM ire endpaiee pigteaai Gaeiatwn es eco eue ig Stas la deo : aP=tcho) 
Weak solution wo. .ceeeeees SRR IS Bitkct aw Sele nore bees ‘ rs 
OW  SOLUULON: sieieie wise ietecsie eT oer oe ea ee ee ae 145 
“otal SOlUttOn’ 6c s:0s0 heaww eae awe ees ot ee . 604 
Power per ton'of- sand tréated, io. -hours. career er verercens (1.083 
eben tons per Man-hour 2... ccc ccccccccsservsessevere os ee 


Slime cyanide plant 


Lime per ton of slime treated, pounds ...-....eeseceeeeeee 4.178 
Aero cyanide per ton, pounds 49 ter cent Nach cee. cee seen 2033 
Zinc per ton, pounds ..,...... Ssivighiierd bee a stea Oe a naan ceo . 0&6 
Gold precipitated, ver pound’ of zinc, dollars .......-...6- 13.51 
acid used per ton of slime treated, pounds ........... ‘sees 244 
Solutions per ton of slime treated, tons. . 
WULOneS “SOlUCL ON ee dais beaten ww ee ae es peck obese dl 
Weak SsOLUCLON: ¢adsccwiernwsnd ea ee ree ne ee ae 64 
IOW BOW UULOM: e556 ap ecb ss oe aileue oe eal ap deere See eas eee eee ‘ ood 
Total 601 Ut OM? uic.4.c7e-ais stone eae teee at teens “Ieee 
Power per ton of slime treated, kw.h. ...ccsecceaees perience 1.77 
Labor, tons per man-hour .. 
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costs 


The total milling cost for the year 1929, including all plants of the 
Homestake company, amounted to $0.503 per ton of ore milled. This cost was 
divided as Cereow ee 


ger ton 
Cost of crushing in mine and at hoists. $0.038 
Cost Ox milling a a eo ee ee ee 2 0270 ee 


Cost of cyaniding 2. .ccsccccccccvcvcece 189 
Total - aaa grees b6ae-ale oe ee Wwe we $ 2503 


Table 6 summarizes tram:ing and coarse-crushing costs for 1929, 


Table 7 summarizes grinding and amalgamating costs at the South mill 
for 1929, and Table 8 gives the details of costs for the stamps and rod mill 
of the South mill sla the same period. 


Tables 9 and 10 show summaries of costs of the cyanide sand plant 
No. 1 and of the slime plant, respectively, for 1929. | 


Table 11 gives the number ana rates of pay of mill employees, not ine 
Cluding assaying, refining, and departmental supervision, for the South mill, 
No. 1 cyaniae sand plant and the cyanide slime plant. ae 


Table 6. — Summaries of tramning ant coarse crushing costs, 


1929 


Ore crushed, 1,437,935 tons. 


a a 
—___TIramming, dollars per ton Coarse crushi dollars er ton 
. 0.01262 | Labor . . 0.01337 


TBD OF ebsi05 6 anus Soe ss ce aoe a aseteerierei he ace ous eeweae 


BIT: oats! sd-aseecneweseeeeuewe: 00202 BOWER” 6.2 6.<:6wemecereckiae emer » 00112 
Shop service .......e.eeeee - 00458 Repair Labor: s.62swesecowe es ~ 00777 
SUPPL IOS: ang ixsacenwelsexe oes «=e COR BE Renewals, material ........ (201597 © 
Track upKeep ..........0.. » 00247 TOCAl. caeeisescatauanes eeee 203823 
Total operating re ee ~ 02625 | | | 

Kew traMTay eee eee esos ~ CC772 | 

Total, includi total, including new tramway ,0G397 | 
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Table 7. - Summary of grinding and amalgamating costs at 
South mill, 192. in dollars per ton of ore 
stamped. : 3 


Ore feed to stanps, 715,574 tons. 
Ore feed to rod mills, 558,147 tons (factor 1.282) 
Ore feed to tube mills, 86,000 tons (factor 6.32) 
NeNee og et | 
.|.service|Castings; Iron | 


Qther. |. and | and. | Sup- Fower Total 
partment! depart-| stamp steel | plies 
overheac! ments 
Superinten- 
* GENCE .ds26\s 0.01082 
Miecellaneous 
(storehouse, 
yard, light 
ing, etc.). 0.00076 0.00009] . 00086] 0.00050 . 01036 
Stamps ...... .0058410.01863 |! .00304 .00292] .01400/0.02347] .08900 
Rod miile..<. .00164] .01z21 | .oz11a .00147 Y 08341 
Amalgamation. . 00005 - 01376 
Dube nttis-.. 00048} .00113 2.01423 
Assaying .... 00224 - 00537 


Refining ,...{ .Q020%3 ~ 00543 . 
Total .......| .07136 | .01744| .03297 .22471 
1/ Cost per ton of feed to rod mills, $0.10693. 
2/ Cost per ton of feed to tube mills, $0.11839. 


Table 8. - Details of stamp and rod mill costs, South mill, 
192 


Dollars per Dollars per 


ton fed ton fed 
eager eae ae Mine ssa! — “as to rod mili 
Carré Of MOtOrS: sec ces discus 0.00114 Care. OF MOtOre: oiic-c0 bs 0. 00060 
POMS. soit a ands ais vie b, 04-2 we wells ,O9400 Ff POWe?. sscivsiwscasiues - 02432 
Operating LAvOT .ieced ccaes ~02110 Cperating labor ...... 02178 
DOOGE: Saseiseid a siarsic-eie Salen we ~00971 Cones and classifiers. . 00177 
Dies and castings. ..cisiass (OUBbS4. | -ROGH. ssexsitieissi aces sce . 03865 
Battery renewals ....-.....6 ~OLGSE ff DOP Ss fa vide heeds acc - 01439 
Miscellaneous supplies {| «| +#«tWiscellaneous ........ - 00266 

BAG ‘UDRSOD 5-6 scicisasies Gas - 00343 


UGE 45s 5d. De gsee pate elecw e's 02347 


Rabat ois scca sees seurtsl a sO8C00.. | TOtAl seen ncwes ca gsi 
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fable 9. ~ Summary of costes of Cyanide sand plant No. 1 for 
year 1929, dollars per ton of sand treated. 


‘Sand treated, 636,654 tons. 


‘|Labor; 
service 


Supplies| Heating 


Superintendence.. 
Assaying ....... : 
Refining .....00. 
Transporting .... 
Neutralizing .... 
Classifying ..... 
lreatment ....... 
Precipitating and 
Pumping ....... 
Miscellaneous ... 
1k destacieis Graacaece 6: 05767010.015764 0, SETH25 0, oosses|0, 012508, 
ime, 
é/ Cyanide. 
3/ Zinc. 
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total 


0, 008243 
009737 
-, 006411 


 ,002402 


.021851 
.010230 
.071219 


016243 


0. 006722 [0.158911 
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Table 11. - Operating labor and wage rate 


Number of employees at Wage rate, 
dollars 
7.25 
6.75 
5.75 
5.50 
5.25 
5.00 
4.75 
4.50 
4,35 
4,25 
4.15 
4.00 
3.75 
3.50 


South Mill 
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